detergent. The bleach solution was previously filtered through an FG 0.2 pm Millipore fluoropore filter. After overnight digestion of the lung tissue at 80°C in an oven, the digested fluid was centrifuged at 10,000 rpm for 30 min. Five milliliters of 30% H202 was added to the sediment for complete digestion. Finally, the sediments were sonicated for 1 min and resuspended in ion-exchanged water that had been passed through a UF 0.2 pm Millipore membrane filter.
Preparations for PCM observations. The resuspended fluid, 25 or 50 ml, was filtered with a UF 5 pm Millipore membrane filter. The dried filter was mounted on a glass slide and exposed to acetone vapor in a petri dish for 5 min to make the filter transparent. A cover slip was mounted with a drop of triacetin solution. FBs and UFs were counted using a Nikon OPTIPHOT with a phase-contrast device Ph at 400x over the entire filter area. Very straight, thin, and semi-translucent fibers with an aspect ratio greater than 3:1 that showed a distinct dark phase contrast in a bright field were counted as uncoated fibers.
Preparation for A TEM sections. Seven nonsmoking age-matched cases with detailed information for residential history were chosen from each of four groups including urban or rural lung and nonlung cancer cases. Lung tissues of these 28 cases were digested as described above, and 5 or 10 ml of the digested fluid was filtered through 0.2 pm pore size Nuclepore polycarbonate filter with a filtration area of 1.2 cm2 (ADVANTEC, Tokyo, Japan). The filter was dried, subjected to carbon coating, cut into 3 x 3 mm pieces, and mounted on a nickel grid. The polycarbonate filter was dissolved by exposure to chloroform vapor.
All UFs or FBs of aspect ratio greater than 3:1 were counted in all the grid openings under 3,OOOx magnification, and 5 to 10 grid openings in the same grid were randomly selected and examined at 20 Figure 1 . About 98% of the cases had less than 500 FBs, 78% less than 50 UFs/g of dry lung tissue, but a higher number of fibers, up to over 5,000 UFs, was found in a small number of cases even though no asbestos workers were included in this series.
FB + UF counts in each age group are shown in Figure 2 . Mean FB + UF count increases with age, with the highest count shown in the 60s but a slightly lower count in the 70s, indicating peak accumulation of uncoated fibers in the 60s with a gradual disappearance and/or less inhalation in later life.
Average FB + UF counts in lung cancer and non-lung cancer cases are shown in Figure 3A . Figure 4A for all lengths, and in Figure 4B for fibers longer than 5 pm. Total average counts of the all length fibers (Fig. 4A) showed greater counts in actinolite/tremolite, mica, and chrysotile than other types of fibers; however, no definite tendency of fiber counts among urban, rural, lung cancer, and non-lung cancer cases, as seen in PCM observation, was found. Figure 4B illustrates a comparison of fiber counts where lengths were 5 pm or longer. For actinolite/tremolite counts, the urban lung cancer group showed higher counts than the urban non-lung cancer group, but the rural non-lung cancer group had the highest counts. Chrysotile counts for the rural non-lung cancer group were much greater than for the other three groups. On the other hand, profiles for amosite/crocidolite and fibrous talc counts were very similar, whereas the fibrous talc counts were much higher than those of the amosite/crocidolite. With respect to these two fiber types, urban lung cancer groups showed the highest counts and the pattern of the profiles was similar to that of PCM analysis (Fig. 3B ). Length and diameter distributions of asbestos fibers, including actinolite/tremolite, amosite/crocidolite, chrysotile, mica, and fibrous talc are shown in Figure 5 as three-dimensional diagrams. Most of the chrysotile fibers were shown to have shorter lengths and thinner diameters than other types of fibers; only 15 .8% of chrysotile fibers were longer than 5 pm in length, whereas amosite/crocidolite fibers of comparable length were found in 63.5%, actinolite/tremolite in 82.3%, and fibrous talc in 75.6%, respectively. Furthermore, the percentages of actinolite/tremolite, amosite/crocidolite, and fibrous talc fibers longer than 10 pm were 26.4, 30.2, and 23.8%, respectively, whereas those of chrysotile and mica were 5.7 and 3.5%, respectively. On the other hand, chrysotile fibers thinner than 0.5 pm in diameter were seen in 99.4%, whereas amosite/crocidolite fibers with such diameters were seen in 72.9%, actinolite/tremolite fibers in 40.3%, and fibrous talc in 23.3%, respectively. Mean fiber lengths and diameters are shown in Table 2 .
Discussion
The present study quantitatively examined FBs and UFs in digested lung tissues by means of the phase-contrast microscope. ATEM examinations were performed both to detect fibers that cannot be observed by PCM analysis and to identify and measure fiber length and width. This PCM study revealed a significandy larger UF + FB count in the lungs of urban lung cancer cases compared to those of urban non-lung cancer cases. This result differs from other studies revealing no correlation between phase-contrast positive ferruginous bodies and lung cancer incidence. Because this discrepancy may partly be related to sex and histological lung cancer types, we compiled only female lung cancer cases, most ofwhich were adenocarcinomas, for this study. Females generally have less occupational exposure to asbestos and a lower smoking rate than males and thus are more appropriate subjects for the study of environmental factors. Smoking has been believed to be another important pathogenic factor for lung cancer, especially when coexposed with asbestos; even when subjects were limited to nonsmokers, almost identical counts were obtained (Fig. 3B) . Electron microscopic observations are superior for detecting short or thin fibers that cannot be detected by PCM analysis or EDX identification of these uncoated fibers. Of all chrysotile fibers detected in this ATEM study, 84% of the fibers were shorter than 5 pm and 99% were thinner than 0.5 pm. This finding was consistent with the report of Churg et al. (6) , which demonstrated that 90% of all chrysotile fibers were less than 5 pm long. In animal experiments, it was recognized that chrysotile fibers in the lung tissue may be cleaved and fragmented more rapidly than amphibole fibers due to higher fragility and leaching of magnesium from chrysotile fibers. Similar changes may occur in human lung tissue (18) . These shorter and/or thinner fibers cannot be detected by the 0.5 pm resolving power of PCM. However, because PCM examination can estimate larger amounts of digested lung tissue, it provides less sampling bias and less variability in counting fibers than ATEM.
In the present electron microscopic study, chrysotile counts were greater than for other types of fiber as a whole. Total chrysotile counts amounted to two times those of actinolite/tremolite and four times of amosite/crocidolite (Fig. 4A) . However, comparison including all fiber lengths shows greater chrysotile counts in non-lung cancer groups in both urban and rural areas in comparison to lung cancer groups.
Furthermore, for fibers longer than 5 pm, average counts of chrysotile and actinolite/tremolite fibers in rural non-lung cancer cases had the highest value of all groups (Fig. 4B) . Therefore, since counts of these two types of fibers are in inverse proportion to counts using PCM analysis, it is difficult to relate these fiber burdens with lung cancer incidence. On the contrary, both amosite/crocidolite and fibrous talc showed the highest counts in the urban lung cancer group, and the results correlated very well to those of PCM analyses, particularly when limited to nonsmokers. Fiber length seems to be required for carcinogenesis, and the findings that the fibers longer than 10 (19) . However, some authors have argued that the tumorigenicity in these studies was due only to an unusual overload of talc powder in the animals, and the actual effect of fibrous talc on human lung carcinogenesis still remains to be explained (20) .
We have concluded that in this PCM analysis, urban counts were significantly greater than rural ones (particularly the urban lung cancer group, which had the highest counts) and in ATEM analysis, various types of fibers were detected in the lungs under nonoccupational exposure conditions. Although chrysotile fibers were the most frequently detected because their lengths and widths were shorter and thinner than the resolving power of PCM, counted fibers in the PCM examination may be amphibole 
